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(54) Refractive index measuring device 

(57) The device includes: a light source (1>j guide means (2) tor guiding light from the light source into a prism (3), the 
prism havTng one faca in contact with a medium (4) whpse refractive index is to be measured: means (5.) for extending the 
light path of outgoing light from the prism (3) which light has undergone total internal r.6flection at the prism face; and a 
linear array (6,7) «f opticlibres acting as a detector for the outgoing light and guiding the detected light to a decoder and 
disptay unit (8). the device utilises the prindple thai when fptal internal refloction occurs at the face of the prism (3) in 
contact with the medium (4). the angle of reflection depends on the refractive Index of the medium (4). The detected light 
can hence be processed by the decoder and display unit (8) to produce a refractive index value. The decoder and display 
unit (8) may be dfepensed with, adisplay being given directly by the illuminated end(s) of the optic fibres. The device may 
be used to measure aaoil/Water emulsion In hydraulic fluid lines of underground mining machinery. 
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Refractive Index Measurlncr Device 
. The present invention relates to a device for 
measuring the refractive index of a medium r for example 
of an oil emulsion. 

' According to the present invention, there is 
provided a refractive index measuring device comprising 
a light source; 

a prism, having a face in contact with a' 
medium whose refractive index is to be measured, for 
receiving a light beam from the light source which is 
directed in such a manner that total internal 
reflection of the light beam occurs at said face; and 

detecting means, comprising an array of optic 
fibres, for detecting the reflected light beam. 

Preferably r decoding means, for generating 
electrical and/ or optical signals indicative of the 
refractive index of the medium from light received by 
the detecting means , are also provided • 

In an embodiment of the invention, the 
measuring device further comprises light guiding means 
such as an pptic fibre for guiding a light beam from 
the light source into the prism. 

Preferably,, the array of optic fibres 
transmits the received light to the decoding- means. 
Usually r but not necessarily, the optic fibres will be 
disposed side by side in a linear array. 

Advantageously, means for extending the light 
path of the reflected light beam is located between the 
prism and the detecting means. 

In. one embodiment of the invention, the 
decoding means comprises a respective optical switch 
connected to each optic fibre of the detecting means 
and operable to generate an electrical signal in 
. response to receiving an amount of light greater than a 
threshold amount. -The electric?al signals from the 
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optical switches may be directly used to activate 
display means, and/or processed by logic circuitry, to 
provide a measurement value of the refractive index. 

Reference will now be made, by way of example, 
5 to the accompanying drawings in which: 

Figure 1 is a schematic diagram of a 
refractive index measuring device embodying the present 
invention; 

Figure 2 illustrates the optical principle 
10 employed by the present invention; 

Figure 3 illustrates an optical sensing head 
of the device of Figure 1 ; 

Figure 4 is a circuit diagram for a decoder 
and display unit of the device of Figure 1 ; and 
15 Figure 5 is a circuit diagram for an optical 

switch used in the decoder display unit of Figure 4. 

The general arrangement of one embodiment of 
the invention is shown in Figure 1 • 

A light source 1 is provided for producing a 
20 light beam to be reflected from a medium 4 to be 

measured. The light source may be a monochromatic 
source such as an infra-red-emitting gallium arsenide 
laser diode, or a filtered polychromatic light source 
such as a filtered tungsten lamp. 
25 A fibre optic cable 2 conducts light from the 

light source and directs it into a prism 3. The prism 
3, made of a material such as glass or quartz, has one 
face exposed to the medium 4 whose refractive index is 
to be measured. The light is directed into the prism 
30 at such an angle (grazing the prism/medium boundary) 
that the light beam just undergoes total internal 
reflection. 

Consequently a reflected light beam emerges 
from another face of the prism 3. The angle with which - 
35 the light beam is reflected from the prism/medium 
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interface depends upon the refractive index of the 
medium 4 (such as an oil emulsion) 

The reason for this is .explained with 
. reference to Figure 2 . When a light ray 1 Oa travels in 
5 a medium of refractive index n2 , directed substantially 
along the boiShdary with another medium having 
. refractive index ni the light ray undergoes total 
internal reflfection with. an an^le of reflection i which 
is ealied the critical angle. The critical angle 
10 depends upon the refractive indices of the media as 
follows: 

2.1 

. sin i * n2 . . 

15 In this case the refractive index n2 of the 

prism 3 can be considered constant, so that sin i 
depends only on the refractive index of medium 4. 
Therefore, slight changes in refractive index of the 
medium as might be caused by variations in the 

20 concentrations of constituents of the medium, for 
. example the oil/water bala.nce in an oil emulsion, 
produce slight, alterations of the direction of the 
outgoing beam 10b from the prism. If a scale were 
placed perpendicular to the general direction of the 

25. beam these deviations would be revealed as transverse 
displacements along the scale, l-his is the principle 
used to measure the refractive index. 

The reflected light beam 10b enters a light 
path extension apparatus 5. The apparatus 5 may 
. 30 consist for example, of a pair of plane mirrors 51 and 
52 separated by a. certain distance occupied by air. 
The effect of the light path extension introduced by 
the apparatus 5. is tO; exaggerate : the effect of angular 
changes in the . direction of the" beam, so that a 

35 considerable. transverse displacement can be obtained 



relative to the general beam direction without making 
the overall measuring device large in physical size. 

An output beam 10c from the light path 
extension apparatus is incident upon an optical sensing 

5 head 6. The optical sensing head 6 includes a linear 

array of optical fibres, which form a fibre optic cable 
7, and detected light signals are carried in one or 
more of the fibres of the cable 7 dependent upon where 
the light beam 10c was incident upon the sensing head 

10 6. The linear array of optical fibres in the cable 7 
thus represents a kind of scale for transverse 
displacements of the detected light beam. 

The cable 7 is connected to a decoder and 
display unit 8, where the detected light signals are 

15 converted into display light signals, for providing a 
visual indication of light beam displacement, and also 
electrical signals for providing a digital reading. 

The optical sensing head, and decoder and 
display unit, will now be explained in more detail with 

20 reference to Figures 3 to 5- 

As shown in Figure 3 (a), the optical sensing 
head comprises a linear array or stack of optic fibres 

71 , for example ten in number, and a holder or carrier 

72 for the stack of optic fibres which retains them in 
25 a straight, regular stack. The ends of the stack of 

optic fibres are presented to the light beam 10c so 
that light can enter them. Of course, the number and 
diameter of optic fibres 71 in the stack is chosen in 
accordance with the amounts of displacement of the 

30 reflected light beam to be expected in a particular 

application, and the accuracy of detection desired. As 
an example, the diameter of each fibre 71 may be 125fAfn. 

The optic fibres 71 extend out from the carrier 72 
as shown in Figure 3 (b) , to form the cable 7. 

35 The optical fibres of the cable 7 form optical 
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^ inputs of the decoder and. display unit 8 illustrated in 

Figure 4. Each optic fibre 7T feeds into a respective 
optical switch 9 of the decoder and display unit 8. An 
optical switch is illustrated in inore detail in Figure 

5 5.. It comprises a programinable light activated switch 

91^ for example a ZNPTOO type device, a resistor 92, 
capacitor 93 and TTL gate 94. The TTL gate device 94 
is connected between Ov and 5v power supply lines and 
. has an. output terminal 95. The resistor- capacitor 

10 network 92 and 93 determines the sensitivity of the 
optical switch. 

If light is present in a given one of the 
optic fibres 71 , this light shines upon the 
programmable light activated switch 91 of the 

IS respective optical switch 9/ and if the quantity of 
light exceeds a certain amount, determined by the 
values of resistor 92 and capacitor 93, this causes the 
TTL gate 94 to. turn on, giving a high logic level 
output signal at the output terminal 95. Ideally, the 

20 .sensitivity of the optical switches is set so that 

ordinarily only one optical switch turns on in response 
to the light incoming along the fibre optic cable 7 . 

- Referring again to Figure 4, it will be seen 
that the output terminals of each optical switch 9 are 

25 connected to respective light emitting diodes 82, and 
also to a parallel set. of logic outputs 83. The light 
emitting diodes provide a visual display corresponding 
to the light signals conducted down the fibre optic 
cable 7 and allow a direct analogue type measurement to 

SO . be taken by a user. of the measuring device. For 

example the light emitting diodes' 82 may be disposed in 
a line on the front panel of the measuring device, with 
a scale calibrated in refractive index values provided 
't alongside. In addition, the logic outputs 83 can be 

35 fed to logic circuitry such as a microprocessor for . . 



re- 
processing into a digital value indicative of the 
reflected light beam displacement, which may be further 
processed to give a value of the refractive index. 

The present invention can be advantageously 

5 applied in situations where the refractive index 

changes are relatively small and difficult to detect by 
other means. For example, a device in accordance with 
the present invention is capable of detecting the 
refractive index changes caused by fluctuations in the 

10 concentration of oil in an emulsion of 5% oil and 95% 

water. These refractive index changes are of the order 
of 10"^ and below. A particular application is to 
monitoring of hydraulic fluid lines in underground 
mining machinery. 

15 It will be understood that variations from the 

embodiment described above will be possible within the 
scope of the present invention. 

The light source 1 may as mentioned be a 
source of monochromatic or filtered polychromatic 

20 light. In general the light beam produced need not be 
of a wavelength or wavelengths in the infra-red or 
visible range, but may be any form of electromagnetic 
radiation capable of being conducted along optic fibres 
and through a prism. 

25 The illustrated embodiment employs a single 

optic fibre 2 conducting a single light beam from the 
light source to the prism. However, conceivably a 
number of optic fibres 2 could be provided which might 
allow a plurality of light beams to enter the prism at 

30 different points giving rise to different reflected 
beams. This could be of assistance in obtaining an 
accurate measurement. On the other hand, it might be 
possible to locate the light source directly adjacent 
the prism in such a manner that no optic fibre 2 was 

35 necessary. In this case a suitably unidirectional 
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light beam might he obtained by providing a slit or 
aperture between the light source and prism. 

The prism illustrated in Figure 1 has a - 
triangular cross-section but it is possible to provide 

5 a prism of a more complex shape, provided that it has 
a face in contact with the medium to be measured. ^ For. 
example a prism of a more complex shape might allow 
further internal reflections of the reflected light 
beam to take place before the light beam leaves the 

10 prism/ for light path extension purposes. 

The medium 4 may be an oil emulsion, in which 
case the measured value of refractive index gives an 
indication of the relative proportions of oil and water 
in the emulsion- However, the mediuta 4 may in general 

15 . be any fluid for which changes in refractive index are 
required to be measured « 

The. light path extension apparatus 5 need not 
consist, of a pair of plane mirrors but may have a niore 
complex arrangement of several mirrors and/ or a further 

20 prism or prisms or other optical elements, located in 
air or in. any other medium. Alternatively the light 
path extension apparatus could be omitted altogether. 

The optical sensing head 6 is a tightly packed 
iinear array of optic fibres in the above embodiment, 

25 . but this is not the only possible form of the sensing 
head. The optic fibres 71 could be spaced apart for 
the .purpose of reducing or avoiding simultaneous 
detection of light in adjacent fibres simultaneously, 
which could occur if the ref lected beam were spread out 

30 ixa the transverse direction. This might simplify 

Subsequent processing of the electrical signals derived 
in the decoder and display unit 8. Also, if it proved 
advantageous for the light path extension apparatus or 
. any other optical element to converge, diverge, or 

35 otherwise distort the output light beam 10c then this 
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could be taken account of in the design of the fibre 
optic array. For example a two-dimensional array of 
generally circular cross-section could be employed. 

In the decoder and display unit 8, it is not 

5 necessary to provide both an analogue readout by light 

emitting diodes and also logic outputs for processing 
into a digital readout. Either type of readout may be 
sufficient on its own; also, the logic outputs could be 
used to drive an analogue-type display device if 

10 required. The optical switch 9 need not have exactly 
the structure shown in Figure 5 but could comprise any 
suitable opto-electronic arrangement capable of 
converting incident light from an optic fibre into a 
logic signal. 

15 It is even possible to dispense with the 

decoder and display unit altogether^ and simply to use 
the light detected in the optic fibres 71 directly to 
provide a display. For example the ends of the fibres 
71 could be led out to the front panel of the measuring 

20 device, providing one or more illuminated dots 
indicative of the refractive index. 
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Claims: 

1 . A refractive index measuring device ^ 

comprising;: 

a light source; 
5 a prisnir having a face for contact with, a 

medium whose refractive index is to be measured r for 
receiving a light beam from the light source which is 
directed in such a iPflanner that total internal 
-reflection of the light beam will occur at said face; 
-10 and 

detecting means, comprising an array of optic 
fibres, for detecting the reflected light beam. 
.2. A device as claimed in claim 1, further 

comprising: 

15 light guiding, means such as an optic fibre for 

guiding a light beam from the light source into the 
prism* 

3. A device as claimed in claim 1 or 2, further 
-comprising: 

20 decoding means,, for generating electrical 

and/or optical signals indicative of the refractive 
index of the medium from light received by the 
detecting means. 

4. A device as claimed in claim 3, wherein the 
25 array of optic fibres^ is arranged to transmit the 

received light to the decoding means , 

5. A device, as claimed in any preceding claim, 
wherein the optic fibres of the detecting means are 
disposed, side by side in a linear array. 

30 . 6. A device as claimed in any preceding claim, 

wherein means for extending the light path of the 
reflected light beam are located between the prism and 
the detecting means. 

7. A device as claimed in claim 3 or 4, or claim 

3S 5 or 6 as appended to claim 3 or 4, wherein the 
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decoding means comprises a respective optical switch 
connected to each optic fibre of the detecting means 
and operable to generate an electrical signal in 
response to receiving an amount of light greater than a 
5 threshold amount. 

8. A refractive index measuring device, 

substantially as hereinbefore described with reference 
to the accompanying drawings. 

10 
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